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A B S T R A C T
Almost half of the global population is exposed to household air pollution (HAP) from the burning of biomass
fuels primarily for cooking, and this has been linked with considerable mortality and morbidity. While alter-
native cooking technologies exist, sustained adoption of these is piecemeal, indicating that there is insufficient
knowledge of understandings of HAP within target communities. To identify potential gaps in the literature, a
scoping review was conducted focused on solid fuel users' perceptions of HAP and solid fuel use in low- and
middle-income countries. From the initial 14,877 search returns, 56 were included for final analysis. An in-
ternational multi-disciplinary workshop was convened to develop the research question; six key domains: health;
family and community life; home, space, place and roles; cooking and cultural practices, environment; and
policy and practice development, were also identified using a Social Ecological Model framework. The review
showed a series of disconnects across the domains which highlighted the limited research on perceptions of HAP
in the literature. Reviewed studies showed that participants emphasized short-term health impacts of HAP as
opposed to longer-term health benefits of interventions and prioritized household security over improved
ventilation. There was also a socio-demographic gendered disconnect as although women and children generally
have most exposure to HAP, their decision-making power about use of solid fuels is often limited. In the domain
of policy and practice, the review identified the importance of community norms and cultural traditions (in-
cluding taste). Research in this domain, and within the environment domain is however limited and merits
further attention. We suggest that interventions need to be locally situated and community-led and a deeper
understanding of perceptions of HAP could be obtained using participatory and innovative research methods.
Bridging the disconnects and gaps identified in this review is essential if the global disease burden associated
with HAP is to be reduced.
1. Introduction
Approximately 3 billion people worldwide rely on solid fuels such as
wood, charcoal, animal dung and crop residues to cook, heat and/or
light their homes (WHO, 2014). Household air pollution (HAP), that is
pollution of the indoor air caused by the incomplete combustion of the
solid fuels in the domestic setting, results in an estimated 4 million
premature deaths every year from diseases including pneumonia,
stroke, ischemic heart disease, chronic obstructive pulmonary disease
(COPD) and lung cancer (WHO, 2019). In terms of global health
burden, HAP leads to mortality broadly equivalent to a lack of malaria
control and is one of the primary environmental health risks (WHO,
2014).
Most of the exposure and consequent disease burden associated with
HAP occurs in low- and middle-income country (LMIC) settings
(Stanaway et al., 2018), where the use of solid fuel is strongly asso-
ciated with poverty (e.g. Bonjour et al., 2013). The ‘energy ladder’,
though much critiqued (e.g. Alfaro and Jones, 2018), highlights an
idealized progression from solid fuels to cleaner fuels like LPG (lique-
fied petroleum gas), natural gas and electricity with increasing wealth
(Smith, 1987). Ascending the energy ladder, however, is primarily
driven by income levels, often with the poorest unable to reach the
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‘bottom rung’ of the ladder with no access to alternatives to reduce their
exposure and no opportunity to ascend the ladder. There is also a sig-
nificant gender dimension to use of solid fuels in LMICs. For example,
recent measurements of exposure to HAP from burning solid fuels in
households in Uganda and Ethiopia show that women and young girls
experience daily concentrations of HAP that are typically seven times
higher than men and young boys (Okello et al., 2018). This is reflected
in much of the epidemiological evidence reported from HAP studies
where women are at greater risk of COPD, lung cancer and eye cataracts
(Kurmi et al., 2012).
Many intervention studies have attempted to move people up the
energy ladder either by using ‘improved’ cookstoves (ICS) that still use
solid fuels but aim to reduce HAP production during cooking
(Alexander et al., 2015) or by moving people to more modern fuels (i.e.
electricity or LPG) (Quinn et al., 2019). These approaches place in-
sufficient emphasis on gaining an understanding of the historical, cul-
tural and behavioral complexities that underpin solid fuel use, thereby
failing to create sustainable changes that improve people’s health. In-
deed, despite over 80 million ICS having been distributed since 2010
(GACC, 2017), their sustained use remains a challenge (Das et al.,
2018). The urgent need for sustainable solutions facilitating the adop-
tion of cleaner cooking practices has been highlighted by the WHO,
who report that without a substantial change in policy, the number of
people lacking access to cleaner fuels and technologies will remain
static by 2030 (IEA, 2017). Such policy changes and design of sus-
tainable solutions should have individuals at its core and be led by an
in-depth understanding of the socio-cultural context of solid fuel usage
for cooking, including the influence of non-cooking factors (Gould and
Urpelainen, 2018), which can only really be understood when percep-
tions are considered at the core of solutions.
For instance, introducing new cooking practices needs to respect the
cooking-culture relationship, which is particularly relevant in LMICs,
with many social and religious occasions being marked by festive meals
prepared in traditional ways (Quintero-Angel et al., 2019). Further-
more, beyond the high costs limiting the take-up of clean cooking al-
ternatives, such as ICS, Dickinson et al. (2018) also highlighted the
need to recognize the importance of peers in the ICS decision-making
process. The role of community leaders in influencing change is an
important one. Miller and Mobarak (2013) found that the role of
“opinion leaders” were important in the adoption of ICS, however peer-
to-peer, or social learning had a negative impact on ICS adoption. En-
closed within this socio-cultural context, but often overlooked, is the
importance of understanding individuals’ views and opinions towards
traditional and alternative cooking practices and associated potential
impact on their health.
Whilst academics can deliberate policy, any change has to come
from individual users. Consequently, interventions which aim to target
individuals or communities must first have an understanding of the
perceptions of both exposure to HAP and the associated health risk
(Egondi et al., 2013). Many studies have assessed exposures to HAP and
evaluated implementation of ICS, yet few have considered behavior
change as a fundamental component of the success of such interven-
tions (Barnes et al., 2015; Goodwin et al., 2015). Perceptions on the risk
of HAP play a critical role in behavior change, with limited awareness
or concerns about the negative health-related impact of HAP re-
presenting one of the many barriers to sustainable behavioral change to
the uptake of less harmful cooking practices (Jewitt et al., 2020). These
findings indicate that without an understanding of users' experiences,
views, and motivations for change (or lack of), policy and practice have
little chance of success.
In summary, while there is considerable evidence that exposure to
HAP resulting from domestic solid fuel use is linked to poor respiratory
(Tamire et al., 2020) and cardiovascular health (Yang et al., 2018),
significantly less research has examined perceptions in LMIC commu-
nities in relation specifically to solid fuel use and collection, and how
this influences HAP. The aim of this paper is to explore and summarize
knowledge of solid fuel users' perceptions of solid fuel use and collec-
tion for cooking, heating and lighting in LMICs. To achieve this, this
paper reviews evidence from the scientific literature across a variety of
domains and disciplines that looks at perceptions of solid fuel use in
terms of:
• Health• Family and community life• Home, space, place and roles• Cooking and cultural practices• Environment• Practice and policy development.
2. Methods
To explore solid fuel users' perceptions of solid fuel use for cooking,
heating and lighting in LMICs, a scoping review was undertaken. A
scoping review provides an overview of a vast topic (Moher et al.,
2015) and is a suitable approach for exploring a body of literature and
to identify knowledge gaps (Munn et al., 2018). Arksey and O'Malley’s
(2005) influential work on the 5-step scoping review framework was
the basis for the protocol for conducting this scoping review:
2.1. Identifying the scope of the review
Owing to the potentially vast number of research questions that
could arise from the chosen topic of solid fuel usage, a workshop
(conducted at The University of Stirling on 4th December 2018) was
used to develop the research question and key domains (Table 1). The
workshop was comprised of academics from and working in the UK,
South Africa and Malawi from multiple disciplines including geo-
graphy, psychology, maternal health, lung health, environmental
health, social work and housing to allow us to develop a well-con-
sidered research question from a more global perspective. In the final
selection of the key domains, the information and opinions gathered in
the workshop were considered within the Social Ecological Model
(UNICEF, 2016), which suggests that people’s perceptions, behaviors
and experiences are shaped by the interaction of individuals with their
community, environments, interpersonal relationships, and policy and
political environments (Fig. 1).
Table 1
Research question and key domains identified from workshop.
Research question
What are solid fuel users' perceptions of solid fuel collection and solid fuel use in the home? With respect to:• Health• Family and community life• Home, space, place and roles• Cooking and cultural practices• Environment• Practice and policy development
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2.2. Identifying relevant studies: Eligibility criteria, information sources and
searching
Five key databases from multiple disciplines were electronically
searched (CINAHL, JSTOR, ScienceDirect, PubMed and Web of Science
(Core Collection)) using the search terms detailed in Table 2.
Filtering methods included the publication date range from 2000 to
21st March 2019, published in the English-language only, including
those papers where the subject country was LMIC-only (for this purpose
defined as those receiving Official Development Assistance (ODA)), and
excluding grey-literature. The focus on articles published after 2000
was linked to the start of the Millennium Development Goals (MDGs)
(United Nations, 2000). Limiting the scope of the analysis by focusing
only on articles published in English may mean that some potentially
relevant papers have not been included here but was necessary from a
time and resources perspective. Whilst the value of grey literature has
been recognized (Rothstein and Hopewell, 2009), due to a lack of
methodological guidance on the inclusion of grey literature for scoping
studies (Adams et al., 2017), this was excluded from the search. Articles
were only included if they referred to (although did not have to be the
main focus) on solid fuel users' perceptions of fuel use in the domestic
setting. Articles which only explored perceptions of non-domestic users
(e.g. traders, construction workers) were excluded.
2.3. Study selection
The initial search returned 14,877 articles, of which many were
duplicates, which highlighted the thoroughness of the search approach.
Level 1 screening (title and abstracts) was used to exclude articles that
did not address the study’s research question. Level 2 screening (full-
text) was completed by five reviewers independently (AM, LC, HP, SL,
IU) following discussion and agreement of the inclusion/exclusion
eligibility criteria (outlined in Section 2.2). Each article was checked for
fit with the domains outlined in Table 1. To ensure consistency of the
selection across all reviewers, AM double checked all the level 2
screening decisions. For a detailed overview of the article selection see
Fig. 2.
2.4. Data extraction
After level 1 and 2 screening, the full-text study characteristics were
tabulated and data extracted into a spreadsheet, organized by domain
(Table 1) for included studies. Descriptive characteristics of the in-
cluded studies, as well as micro-data (specifically that which detailed
perceptions or experiences in each key domain), were tabulated. The
purpose of this exercise was not to review the included articles, but
instead to determine which data to extract based upon the agreed cri-
teria. The primary aim was to determine whether studies directly ex-
plored solid fuel users' perceptions, followed then by ensuring each
study related to at least one of the six domains of the overarching re-
search question. As the focus of this review was not to explore per-
ceptions on all potential issues around solid fuel use and collection, but
rather to scope the genuine perceptions identified by those using solid
fuels in LMICs, not all domains were equally populated. Data extraction
was undertaken by one reviewer (AM) and double-checked in-
dependently by a second reviewer (SL) to ensure all relevant data were
extracted and organized within the correct domain.
2.5. Data analysis
The data were analyzed by four team members (HP, IU, AM, LC),
each analyzing the domain most closely related to their own area of
expertise (e.g. health, environment). We used a broad thematic analysis
Fig. 1. The key domains of interest developed using the Social Ecological Model
theory-based framework to explore the study’s research question from in-
dividual-level (inner oval) to societal (outer oval) (Sallis et al., 2008).
Table 2
Search terms and Boolean operators used in electronic database searching,
Relating to experience/
perceptions
“AND” Relating to air
quality
“NOT” Relating to
smoking
Perceptions OR “Household air
pollution” OR
“Tobacco” OR
Perspective OR “Indoor air
pollution” OR
“Smoking”
Belief OR “Solid fuel”
“Lived experience” OR
Experience OR
Voice OR
Attitude OR
Living
Fig. 2. Flow diagram depicting process of article selection.
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to develop the main themes from each domain. Subsequently, the four
researchers came together to discuss the themes and key findings across
all and within each domain.
3. Results
Our initial search yielded a total of 14,877 articles, which was re-
duced to 8917 after duplicates were removed electronically (Fig. 2). A
further 88 duplicates were removed manually having not been detected
electronically using Endnote. Level 1 title and abstract screening ex-
cluded 8,490 articles based upon factors including the study area being
non-LMIC or studies which did not explore participants' experiences
and/or perceptions. The remaining 339 articles were full-text screened
for eligibility. Of these, 283 articles were excluded because they did not
meet the requirements of the study (i.e. they did not focus on percep-
tions or they did not explore one of the outlined domains (Fig. 1;
Fig. 2)). This left 56 articles that met all study criteria and were in-
cluded in the analysis.
The majority of the 56 included articles were focused on evaluating
the impact of interventions such as the introduction of improved
cookstoves (ICS)- which, in general, burn less solid fuels thus reduce
HAP production when used correctly- or interventions introducing new
stoves that use more modern fuels, e.g. electricity or LPG. Although
interventions were not deliberately scoped in this review, solid fuel
perceptions are not frequently considered without mention of inter-
ventions, such as the introduction of ICS (see Appendix).
Questionnaires and interviews were the methods most frequently used
by researchers to explore perceptions (Table 3), with observations and
focus groups also used. Of the six outlined domains (Fig. 1), health and
cooking & cultural practice were particularly well documented in the
literature, with more than half of all included articles referring to these
(Table 3). Perceptions of solid fuel use and collection were studied
across 26 different countries in the included articles, of which were
most frequently undertaken in India, Bangladesh, Mexico and Kenya
(Fig. 3).
The findings of the scoping review are outlined below in relation to
the six domains (health; family and community life; home, space, place
and roles; cooking and cultural practices; environment; and practice
and policy development; Fig. 1).
3.1. Health
Studies exploring perceptions of long-term health impacts related to
solid fuel collection (e.g. lower back pain (Borah, 2015), cancer and
COPD (Firdaus and Ahmad, 2011), were rarer than studies that focused
on short-term health impacts. The use of solid fuels for cooking was
associated with household smoke and was considered to impact comfort
as well as being linked to a range of health symptoms (e.g. Akolgo et al.,
2018; Devakumar et al., 2018; Troncoso et al., 2007). The symptoms
most often reported and linked to HAP exposure included respiratory
difficulties, runny eyes, runny nose, throat irritation, coughing,
breathing difficulties, wheezing, chest pains, dizziness and nausea
(Burwen and Levine, 2012; Chandna and Honney, 2017; Devakumar
et al. 2018; Gordon et al., 2007; Jin et al., 2006; Miah et al., 2009;
Rouse, 2002; Tamire et al. 2018; Thompson et al. 2007, Thurber et al.
2013). Reviewed studies highlighted that women are particularly at risk
of health harms from HAP, given that they are the primary cooks and
spend more time in the kitchen and the home (Devakumar et al. 2018).
Concern was also frequently expressed for children within the house-
hold who were considered particularly at risk from breathing in the
smoke or from burns (Hooper et al., 2018; Pailman et al., 2018) because
they are often near the mother when she cooks (Alam et al., 2006;
Devakumar et al., 2018). Some studies reported that participants did
not always see a connection between either their use of the stove, fuel
type and/or smoke and their health symptoms (Akintan et al., 2018;
Cundale et al., 2017, Hollada et al., 2017, Sesan, 2012), rather some
saw the smoke as dirty (Wang and Bailis, 2015). Furthermore, several
studies highlighted how participants did not necessarily see ash and
smoke as a bad thing; in some cases the smoke was perceived as positive
because it protected against insects (Rehfuess et al., 2014), and thus
during the rainy season protecting newborns from insect-borne disease
(Tamire et al. 2018). Smoke exposure was seen by some as an un-
avoidable part of daily life (Rhodes et al. 2014).
Many of the studies (n = 37) in this scoping review investigated the
health impacts of interventions to reduce exposure to HAP either
through switching to cleaner fuels or through the use of ICS. In those
studies, interventions participants frequently reported perceived health
benefits such as reduced smoke in the home, reduced respiratory pro-
blems, fewer burns, fewer headaches, coughs, back pain or runny noses
or eye irritation (Alam et al. 2006; Gebreegziabher et al., 2018; Hessen
et al., 2001; Khushk et al. 2005; Rehfuess et al., 2014). However, par-
ticipants were often less clear or less concerned about the long-term
Table 3
Summary of included article characteristics.
Characteristic Number of studies
(Total = 56)*
Geographic location Africa 37
Asia 69
North America (Mexico and
Guatemala)
21
South America 4
Methods/procedures Interviews 23
Focus Group Discussions 11
Questionnaires 27
Observations 10
Willingness to pay surveys^ 3
Reviews 5
Case Studies 2
Domain Health 37
Family & community life 19
Home, space, place & roles 22
Cooking & cultural practices 35
Environment 2
Practice & policy
development
6
*Some articles investigated more than one study area, deployed several quali-
tative methodologies, and covered various domains hence counts are greater
than 56. ^revealing qualitative choice behaviors. In total, 26 different countries
spanning 4 continents were studied in included articles and 7 papers explored
perceptions in more than one country.
Fig. 3. Word cloud showing the relative frequency of countries studied of in-
cluded articles. The size of each term is proportionate to its frequency, with
India gaining the most research attention of included articles.
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health benefits that the interventions provided (Akintan et al., 2018;
Hollada et al., 2017; Stanistreet et al., 2014). Several studies reported
that health improvements or benefits were not in fact raised by the
participants unless they were prompted by researchers and that parti-
cipants did not necessarily relate the alleviation of their symptoms to
the use of ICS (Cundale et al., 2017, Hollada et al., 2017; Jürisoo et al.,
2018; Thurber et al., 2013; Thurber et al., 2014). In other studies,
participants had concerns over the safety and fumes produced by
cleaner fuels also such as LPG (Gould and Urpelainen, 2018; Hollada
et al., 2017; Malakar et al., 2018; Thompson et al., 2018). LPG and
other fuels were sometimes highlighted to lack some of the wider health
benefits that cooking using solid fuels provided, e.g. insect control due
to household smoke (Stanistreet et al., 2014).
3.2. Family and community life
Many of the articles (n = 19) highlighted the important role of the
community in shaping thoughts and actions, norms and beliefs, relating
to solid fuel use and/or the uptake of ICS. Indeed, neighbors and fa-
milies had a strong impact on whether an ICS was adopted, and this
influence can be both positive and negative. For instance, current
practices (e.g. gathering wood) are shaped by community tradition, and
therefore give a sense of belonging (Malakar et al., 2018; Sunikka-Blank
et al., 2019). Cooking with cleaner fuels (i.e. LPG) when the rest of the
community are using solid fuels can be divisive and disassociating from
the rest of the community. Conversely, if key members of the commu-
nity adopt an ICS (e.g. teachers, ministers), they could be a very con-
vincing force in ensuring the entire community adopts the new way of
cooking (Jürisoo et al., 2018; Stanistreet et al., 2014). Consequently,
new solutions to reduce exposure to HAP through changing cooking
habits need to be community-led, including solutions that are approved
by the community leaders and meeting the needs and priorities of the
local community (Chandna and Honney, 2017; Tamire et al., 2018;
Tigabu, 2017).
Several studies highlighted that adopting an ICS was associated with
benefits for the whole family, such as acquiring a higher social status
(Alam et al., 2006; Diaz et al., 2008; Jürisoo et al., 2018; Thompson
et al., 2018) and allowing for more family socializing due to improved
conditions (i.e. less smoke) inside the home (Rehfuess et al., 2014;
Stanistreet et al., 2014). Such benefits were particularly pronounced for
the children, as the smoke created by cooking with solid fuels is per-
ceived to prevent them from concentrating on their education through
not being able to play and study indoors (Devakumar et al., 2018;
Rehfuess et al., 2014) and through spending time fetching firewood
(Asante et al., 2018).
Studies stressed that despite the benefits and even if ICS are per-
ceived as acceptable by a community, there may still be issues of af-
fordability of the ICS for some within the community (Takama et al.,
2012). The household’s wealth was an important factor influencing the
willingness to adopt a new stove, with high costs being identified as a
key barrier among poorer households (Stanistreet et al., 2014). This
role of cost is considered further in Section 3.6.
3.3. Home, space, place and roles
The findings from this review revealed that cooking with solid fuels
produces smoke and soot (e.g. Baquié and Urpelainen, 2017), which
sticks to walls, appliances and cookware (Yonemitsu et al. 2014),
making the home look less attractive and requiring more frequent
cleaning (Asante et al., 2018; Wang and Bailis, 2015). Some studies
highlighted that this more frequent cleaning can cause painful rough-
ness to the women’s hands (Alam et al., 2006). Avoiding using solid
fuels was associated with more appealing, cleaner and warmer homes
(Chen et al. 2016; Diaz et al., 2008; Granderson et al., 2009; Khushk
et al., 2005; Malakar, 2018; Stanistreet et al., 2014; Thompson et al.,
2018; Tigabu, 2017; Wang and Bailis, 2015), with cold homes or feeling
cold being linked back to ill-health (Gordon et al., 2007). A more ap-
pealing-looking home could, in fact, improve the household’s social
status (Wang and Bailis, 2015).
Across the included articles it was clear that gender roles had a key
part to play in the fuel decision-making process. In most cases, women
are the primary cooks, clean and oversee childcare, whilst men are
often seen as the decision-makers (e.g. about fuel usage). In this review,
men were generally not accepted as cooks within the home (Malakar
et al., 2018; Stanistreet et al., 2014). In the context of uptake of ICS or
cleaner fuels, gender roles remained important. The studies stressed
that cooking methods need to be time-saving (Cundale et al., 2017;
Stanistreet et al., 2014) and suitable for cooking large family meals
more efficiently (Hollada et al., 2017). Although the time-saving com-
ponent would mostly influence the woman’s time (i.e. reducing time to
collect cooking material, reduced cooking time and reduced time spent
on cleaning and illness management (Cundale et al., 2017; Devakumar
et al., 2018), several articles also reported the importance of the hus-
band’s satisfaction with the meal preparation time (Rhodes et al., 2014;
Thompson et al., 2018). However, it is important to consider that while
improved satisfaction with cooking times could convince husbands to
change practice, they did not always believe the smoke produced
during cooking was harmful to health (Thompson et al., 2018). These
findings indicated that different aspects of ICS need to be addressed
depending on the target audience.
The findings from this review also revealed other competing prio-
rities with regards to home safety rather than HAP exposure
(Devakumar et al., 2018). For instance, it was acknowledged that
modifications made to the home to protect from other issues (e.g.
keeping windows closed to avoid crime or plastic bags in the ceiling to
avoid malaria) can worsen HAP, but avoiding the risk of crime or
malaria were seen are bigger priorities to individuals than HAP pre-
vention. Lack of ventilation was, in addition to increasing exposure to
HAP, linked to bad smells (Devakumar et al., 2018; Qian et al., 2016).
Although a questionnaire study did reveal that most participants are
aware of the benefits of better ventilation, using a chimney and se-
parating the kitchen from the home (Ali et al., 2011), the issue of
proper ventilation is complex and influenced a variety of factors. These
factors range from safety concerns (due to insecurity of the community
and fears of malaria), the poor nature of houses (e.g. no windows or
chimneys available), and avoiding the cold, through to mixed knowl-
edge about the benefits of ventilation (Muindi et al., 2014; van Gemert
et al., 2013; Weaver et al., 2017). This stressed the importance of the
socio-spatial environment to any intervention to reduce HAP from
cooking or heating the home with solid fuels.
3.4. Cooking and cultural practices
Our scoping review showed that cultural traditions, norms and ha-
bits underpin household cooking practices (e.g. Malakar et al., 2018;
Rhodes et al., 2014; Tigabu, 2017; Troncoso et al., 2007). Frequently,
the use of solid fuels for cooking has been passed down through the
generations and is therefore considered as something to be valued and
abided by (e.g. Bielecki and Wingenbach, 2014; Malakar et al., 2018;
Rehfuess et al., 2014). Religious beliefs (Wang and Bailis, 2015) and
myths (Akintan et al., 2018; Tamire et al., 2018) were found in some
cultures to affect the design of the kitchen and the choice of fuel or the
stove used. There was often a resistance to change the type of fuel or
stove used for cooking because people were satisfied with the tradi-
tional methods they used (Akolgo et al., 2018; Stanistreet et al., 2014;
Troncoso et al., 2011; Wijayatunga and Attalage, 2003), or because
some members of the household were thought not to approve of the
change (Troncoso et al., 2007). In Guatemala, Bielecki and Wingenbach
(2014) found generational differences also in the uptake of cleaner
cooking fuels, with younger generations more willing to move away
from solid fuel use. Indeed, younger generations expressed less fear of
the ICS exploding and causing fires (Hollada et al., 2017) and seemed
A. McCarron, et al. Environment International 143 (2020) 105991
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more easily convinced to adopt new practices (Wang and Bailis, 2015).
Another important factor underpinning cooking practices was the
taste of the food when cooked using different fuels (e.g. Asante et al.,
2018; Rhodes et al., 2014), with solid fuels generally considered to give
a preferential taste to foods (Malakar et al., 2018; Taylor et al., 2011;
van Gemert et al., 2013). For example, roti, the traditional Indian
flatbread, was found to be unpalatable when cooked using LPG instead
of using traditional cooking methods (i.e. using solid fuels) (Wang and
Bailis, 2015). In addition to taste, the cooking fuel used was in some
cases also linked to the nutritional content of food (Hollada et al.,
2017). Those cultural aspects are key to understanding the complex
issue of fuel use for cooking and heating, particularly in LMICs.
Finally, the review revealed that the choice of cooking fuel is un-
derpinned by the availability of fuel types (or conversely the lack of
choice) within proximity to the household (Gupta & Köhlin, 2006;
Stanistreet et al., 2014; Akolgo et al., 2018; Pailman et al., 2018).
Where multiple fuels were available for people, the cost of fuel then
commonly influenced cooking fuel choice, with cleaner fuels more ex-
pensive than solid fuels (Taylor et al., 2011; van Gemert et al., 2013).
The use of cleaner fuels, e.g. LPG, were often linked to convenience
(Gould and Urpelainen, 2018), since they were generally perceived to
cook food quicker than traditional biomass-based fires (Asante et al.,
2018; Wang and Bailis, 2015), and were often used when short of time
or when people were tired (Hollada et al., 2017). While some perceived
solid fuel collection as a time-consuming task and therefore favored
cooking methods which reduced or eliminated time spent on this task
(Gebreegziabher et al., 2018; Granderson et al., 2009; Hooper et al.,
2018), others perceived time spent collecting fuel as an opportunity for
social interactions (Hollada et al., 2017). The versatility and flexibility
of open solid fuel fires were valued by some (Akintan et al., 2018),
given that fires could be moved to different locations as required and
were made on the floor, thereby reducing the amount of lifting required
for heavy cooking pots (Troncoso et al., 2007). However, some found
that keeping a fire going required constant tending, meaning people
could not get on with other tasks at the same time as cooking
(Granderson et al., 2009). In comparison to traditional solid fuel-based
fires, there were often concerns regarding durability, maintenance and
repair with regards to improved biomass cook stoves and stoves that
used cleaner fuels (Cundale et al., 2017; Stanistreet et al., 2014). Fur-
thermore, the fuel used for cooking was often also required to meet
multiple household energy needs, for example, seasonal space heating
(e.g. Benka-Coker et al., 2018; Bielecki and Wingenbach, 2014; Hollada
et al., 2017; Rehfuess et al., 2014), heating water for bathing (Malakar
et al., 2018) and lighting the home (Diaz et al., 2008). However, the
multiple services provided by the cooking fuel were not always desired,
for example the use of solid fuels for cooking indoors during periods of
warmer weather was highlighted as an issue because of overheating
(Akolgo et al., 2018; Wang and Bailis, 2015). Consequently, it was re-
latively common for households to rely on multiple fuels or stoves for
cooking (e.g. Benka-Coker et al., 2018; Cundale et al., 2017; Pailman
et al., 2018), with decisions about which to use dependent upon several
factors. The type of food being cooked was frequently a determining
factor for which fuel or stove to use (Hollada et al., 2017; Rhodes et al.,
2014; Stanistreet et al., 2014). Cooking capacity was also an important
factor which determined the stove/fuel type used for cooking particular
meals in terms of the number of people that were being fed (Bielecki
and Wingenbach, 2014; Rhodes et al., 2014), the size of cooking pot
that a particular stove could heat (Diaz et al., 2008; Hooper et al., 2018;
Taylor et al., 2011), the variety of household cooking pots that could be
used with that method (Bhogle, 2003) and the number of cooking pots
that could be used simultaneously (Khushk et al., 2005; Rehfuess et al.,
2014; Rouse, 2002). The weather and season also played a role in de-
termining the fuel source or stove type relied upon, with wet conditions
reducing reliance on solid fuels for cooking due to difficulties in
keeping fuel dry before use (Troncoso et al., 2007) and difficulties
lighting (and maintaining) solid fuel-based fires during adverse weather
conditions (Hollada et al., 2017; Pailman et al., 2018; Rhodes et al.,
2014; Tamire et al., 2018).
3.5. Environment
Only two papers were identified under the domain of environment
(in this case referring to the wider, outdoor environment) in the review
process (Akolgo et al. 2018; Muindi et al. 2014), and so it is difficult to
be clear whether people are unconcerned about the environmental as-
pects of solid fuel collection and use, or simply it is not a current re-
search focus. Deforestation, for example, is a substantial environmental
impact of solid fuel harvesting, however its lack of occurrence as such
in the scoped literature indicates that it is not something that partici-
pants perceive as an environmental issue. While smoke inside the home
was frequently identified as a problem associated with solid fuel use
(Akolgo et al., 2018; Devakumar et al., 2018; Troncoso et al., 2007), the
link between HAP and outdoor air pollution was rarely considered by
participants in the reviewed literature. Where outdoor air pollution was
considered, this was generally regarded as a normal part of life and
participants were resigned to it (Muindi et al., 2014). This may be
linked to a lack of knowledge of the wider environmental impacts
caused by traditional cooking methods (Akolgo et al., 2018) and the
interactions between indoor and outdoor air.
3.6. Practice and policy development
A key theme to emerge from the review surrounding practice and
policy development was microeconomic constraints as a barrier in the
prevention of changes in behavior away from solid fuels (Gordon et al.,
2007). The high cost of cleaner fuels or technologies (in this case ICS),
was well documented (Devakumar et al. 2018; Gordon et al., 2007;
Hollada et al., 2017; Jeuland et al., 2015; Stanistreet et al., 2014).
Devakumar et al. (2018) report of participants citing insufficient money
to deal with the problem of HAP, which has been linked to the high-cost
of cleaner fuels, such as LPG (Hollada et al., 2017), as well as high-costs
in the production of ICS (Gordon et al., 2007). However, participants
did not always view high cost as a preventative factor and found ways
around it. For example, one article found brokering agreements be-
tween village members, local government and NGOs allowed people to
take out loans or pay in instalments, which supported increased uptake
of ICS (Stanistreet et al., 2014).
However, incentives to aid the adoption of cleaner fuels and tech-
nologies to combat air pollution were not always well received. Hollada
et al. (2017) report of participants not using vouchers to lower the cost
of LPG issued by the government because it was felt this was not en-
ough, owing to the large investment to purchase the LPG tank. Simi-
larly, although some ICS have been subsidized, these are still seen as
largely inaccessible to the poorest families (Gordon et al., 2007). In-
centives are not always capital in nature, for example the Maharashtra
State Government offer “Clean Village” awards (Stanistreet et al.,
2014). However, as participants note, adoption of cleaner cookstoves as
a result of such incentives are “not because of the smoke”, but rather to
win the award (Stanistreet et al., 2014).
Government involvement was also not always well-regarded
(Asante et al., 2018; Muindi et al., 2014). Participants reported ex-
periences of bias in the selection of beneficiary districts for rural LPG
programs, with those affiliated with certain political parties more likely
to receive a cookstove (Asante et al., 2018). Participants have also re-
ported a lack of voice to petition leaders to address issues surrounding
air pollution (Muindi et al., 2014). Moreover, those who have com-
plained in the past have experienced being threatened with eviction
and forced to keep quiet (Muindi et al., 2014).
This scoping review highlighted that challenges linked to the in-
troduction of new technologies to reduce exposure to HAP are mani-
fold. Awareness-raising campaigns including stove demonstrations in
the home and at markets, at community meetings, and through door-to-
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door promotion have been attempted by health promoters (Stanistreet
et al., 2014), and yet despite this, lack of education and information is
still being blamed as a factor in preventing dealing with the problem of
HAP by study participants (Devakumar et al. 2018; Gordon et al.,
2007).
4. Discussion
A household’s decision on which fuel (or combination of fuels) to
use to meet their needs is complex and multi-dimensional, in-
corporating several ‘near’ and ‘visible’ factors (e.g. affordability,
availability and convenience) and more ‘hidden’ factors (e.g. cultural
traditions and gender roles). This is further complicated by the variety
of different services which fuel(s) in the home are required to provide,
i.e. cooking, heating and lighting (Sovacool, 2011). The aim of this
scoping review was to explore and summarize knowledge of solid fuel
users' perceptions of solid fuel use and collection for cooking, heating
and lighting in LMICs. Beyond illustrating how perceptions within each
of the six key domains (health; family and community life; home, space,
place and roles; cooking and cultural practices; environment and
practice and policy development; Fig. 1) play an important role in de-
cision-making regarding fuel, two domain-overarching topics were also
observed: the role of senses and disconnects. With respect to the role of
senses it was clear how these, whether this be sight, smell or taste, were
important in shaping perceptions of solid fuel use. Due to the mostly
invisible nature of air pollution, people’s sensory faculty is vital for
giving air pollution a physical and viable parameter, and it is often this
physical experience with air pollution that shapes public understanding
and risk perception (Bickerstaff, 2004). The theme of “disconnects” was
observed in a variety of ways such as a disconnect between solid fuel
usage and perceived health impact, temporal disconnect, gender-re-
lated disconnect and disconnect between the different relevant stake-
holders. Each of these will be explored in more detail below.
Though in most studies participants linked solid fuel use with ad-
verse health impacts manifested most commonly as respiratory irrita-
tion (e.g. Chandna and Honney, 2017; Tamire et al. 2018; Thompson
et al. 2007), for some there was a disconnect between solid fuel use and
health impacts, with either no link made between the two (Akintan
et al., 2018; Cundale et al. 2017; Hollada et al., 2017) or smoke per-
ceived to have positive health impacts, e.g. protection against insects
(Rehfuess et al., 2014). Even where a link was made, exposure to HAP
was sometimes considered an unavoidable part of daily life (Muindi
et al., 2014; Rhodes et al., 2014), and participants rarely considered the
connection between HAP and ambient air pollution. There was also
frequently a gap between knowledge of health impacts of solid fuel use
and household solid fuel practices. For example, understanding of
health impacts of HAP contrasted with the lack of action to reduce HAP
through strategies including ventilation of the home. This reflects the
complexity of the issue and the wider factors that control household
behaviors, i.e. in this instance prioritizing household safety and security
(Muindi et al., 2014; van Gemert et al., 2013; Weaver et al., 2017), and
the sense of not only belonging in the community, but the esteem that
having access to more modern, cleaner cooking alternatives brought
(Jürisoo et al., 2018; Kenrick et al. 2010). Importantly, these findings
highlight that consideration to apply theoretical frameworks on
(health) behavior change could be of relevance to further understand
how to develop sustainable interventions to reduce HAP (Morrison and
Bennett, 2012). These theoretical frameworks, such as the Theory of
Planned Behavior (Ajzen, 1985) and the Health Belief Model
(Champion and Skinner, 2008), postulate that knowledge is not the
only factor determining behavior change and highlight how changing
behavior is influenced by a range of factors. Indeed, our findings align
with these postulations and highlight how beyond knowledge on HAP,
attitudes towards the new behavior (e.g. favorable evaluation of a solid
fuel alternative), subjective norm (i.e. pressure from the community to
a cleaner fuel), behavioral control (i.e. the perception of sufficient
resources, opportunities and skills to use alternatives to solid fuels) as
well as perceived susceptibility and severity (e.g. individual perception
of how susceptible they are to and the severity of the health impacts of
HAP). While attempts to apply these behavioral change frameworks to
the context of cooking are limited, the recently developed CI-CHANGE
framework (Kar and Zerriffi, 2018), a cookstove specific behavior
change framework which integrates the Theory of Planned Behavior
and the Transtheoretical Model, is a promising development and war-
rants further investigation.
A temporal disconnect in relation to household solid fuel use man-
ifested itself in a number of ways. Fuel collection and/or purchase
happens regularly within a household, with decisions being made about
which fuels to use depending on the energy services required, the
season, the food being cooked, the number of people in the household,
among other factors (e.g. Asante et al., 2018; Stanistreet et al., 2014;
van Gemert et al., 2013). These short-term decisions contrast with the
longer-term changes that affect energy use in the home, including shifts
in cultural traditions, beliefs and practices and policy changes (e.g.
Malakar et al., 2018; Rhodes et al., 2014; Tigabu, 2017). However, the
taste and smell of food cooked in a traditional and culturally appro-
priate way arguably has no temporal variation, with traditional living
valued and preferred by many (Akolgo et al. 2018; Hollada et al. 2017;
Rhodes et al., 2014; Taylor et al. 2011; van Gemert et al. 2013). A
secondary temporal disconnect was found in terms of health, with many
of the health impacts relating to the daily use of solid fuels (e.g. chronic
back pain from fuel collection, COPD and lung cancer) not manifesting
until later in life (Grigsby et al., 2016; Morgan et al., 2019). Yet, people
more frequently referred to the near-term health impacts of solid fuel
use (e.g. coughing and wheezing) (Devakumar et al., 2018; Gordon
et al., 2007; Miah et al., 2009) than long-term health impacts.
Within the household, socio-demographic factors were important in
shaping perceptions of solid fuel use (Kar and Zerriffi, 2018). There was
a frequent disconnect between those that were most affected by using
solid fuels in the household (i.e. women and children; e.g. Devakumar
et al. 2018; Okello et al., 2018; Schlag & Zuzarte, 2008) and those that
were making decisions about which fuels to use in the home and bud-
gets (i.e. males; e.g. Rehfuess et al., 2014; Thompson et al., 2018). Age
was also an important factor when considering perceptions of solid fuel
use, with frequent generational differences in knowledge, attitudes and
beliefs (e.g. Bielecki and Wingenbach, 2014). For example, younger
people were more likely to be accepting of trying new practices and did
not attach the same value to traditions as older generations (Wang and
Bailis, 2015). Although children were frequently considered to be most
at risk from HAP and burns (Hooper et al., 2018; Pailman et al., 2018),
limited attention is given to their role in, and their perception of,
cooking practices. Consequently, in designing interventions to reduce
HAP it might be of importance to have a clear and specific target au-
dience, with respect to gender and generation or to include flexibility in
the approach to account for gender and generational differences in
perceptions and responsibilities within the household.
The final level of disconnects was between the different stakeholder
groups outlined in our adapted social ecological model (Fig. 1). In
particular, community norms and cultural traditions were strong in-
fluences on household uptake of new energy sources (e.g. Akintan et al.,
2018; Wang and Bailis, 2015). Key community members, e.g. commu-
nity leaders, teachers and ministers, were also repeatedly highlighted as
guardians of cultural norms and important influencers (Jürisoo et al.,
2018; Stanistreet et al., 2014). Consequently, energy solutions need to
fit the local community context and ideally be community-led
(Chandna and Honney, 2017; Tamire et al., 2018; Tigabu, 2017). There
were also disconnects between the outer ring of the adapted social-
ecological model (Practice and policy development; Fig. 1), and
households and communities, with policies and interventions designed
to reduce reliance on solid fuel use (e.g. subsidies) often not fit for
purpose, for example subsidizing the cost of the fuel, but not sub-
sidizing the one-off cost of a new stove (Hollada et al., 2017). Such
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high-level consideration of availability and access to alternative fuel
sources or cooking technologies may be too distant from the individuals
who rely on solid fuels, again, highlighting the need for policies and
interventions to be community-led, with a strong understanding of the
community’s priorities, perceptions and preferences. A full under-
standing of community priorities will help policymakers and re-
searchers adapt the key messages they are providing to increase uptake
of new technologies and/or fuels and ultimately improve health. Lastly,
the findings highlighted that there is limited research that focuses on
people’s perceptions of the societal domains within our social ecological
model (Fig. 1), both in terms of the environment (e.g. deforestation and
the relationship between HAP and ambient air pollution) and policy
and practice (e.g. roles of stakeholders, legislation). These are areas
where further research is warranted.
5. Conclusions and recommendations
We have conducted a scoping review to explore solid fuel users'
perceptions of solid fuel use in LMICs. This has highlighted that most
previous work exploring peoples' perceptions of solid fuel use for
cooking, heating and lighting in LMICs has been undertaken in relation
to ICS interventions and not on solid fuel use for open fire or basic
cookstoves. Further research that is grounded in and starts at the
community-level, which identifies the priorities and perceptions of
solid fuel users, and which aims to better understand the lived experi-
ence and knowledge of solid fuel use in a variety of contexts, the
complexities of gendered household decision-making, and food-related
cultures and traditions is therefore necessary.
In undertaking these ICS intervention studies, common methodol-
ogies to explore perceptions have included questionnaires, interviews
and focus groups. While these have clear value in exploring perceptions
of solid fuel use, these methods do not necessarily reflect participant’s
lived experiences which can be vital to uncover the more ‘hidden’
factors such as culture and tradition. Our scoping review has high-
lighted the importance of the senses in shaping people’s perceptions of
solid fuel use, whether that be smell, taste or vision. There is therefore
potential here to innovate in terms of the methods being used to explore
people’s perceptions of solid fuel use and to bring the participant and
their solid fuel experiences closer together. We know from ongoing
work by some of the authors in projects in Malawi and Kenya that a
range of participatory methodologies (mapping, body mapping,
walking interviews, video diaries, photovoice) and more creative forms
of community engagement – created and practiced routinely in regions
such as Latin America and Africa—such as theatre for development,
storytelling and drawing, may not only fill this methodological gap, but
also capture more accurately people’s lived experiences of solid fuel use
in the home.
The findings show that every day in LMICs solid fuel users are
making household decisions that affect their HAP-related health, e.g.
choosing to ventilate their homes or not. This combined with the fact
that participants consistently focused on the short-term (e.g. coughing)
rather than long-term (e.g. lung cancer) adverse health consequences of
exposure to HAP highlights that more awareness-raising interventions
that provide participants with the evidence base needed to make better-
informed decisions that affect the health and wellbeing of the house-
hold are required. While this alone may not change household use of
solid fuels, because of other more pressing issues such as cost and
availability, it will provide people with the full evidence base to feed
into decision-making and enable people to advocate for change more
widely.
This review offers, for the first time, an amalgamation of LMIC solid
fuel users’ perceptions, focused specifically on solid fuel use and col-
lection. The review has demonstrated the richness and potential of
exploring perceptions, and yet perception of solid fuel use has not well
explored. This review highlights the importance of understanding and
considering perceptions of solid fuels from a social ecological per-
spective (i.e., in terms of health, family and community life, home,
space, place and roles, cooking and cultural practices, environment and
practice and policy development) in order to reduce exposure to HAP,
be this through (infra)structural or behavioral interventions. Of parti-
cular importance, future interventions need to take into account com-
plex gendered and community dynamics to make ‘connections’ that are
currently lacking in order to overcome the various disconnects identi-
fied throughout this review. It is anticipated that such a participatory
approach from a social ecological perspective will ensure that any in-
tervention or alternative fuel source is available and affordable to the
poorest communities, as well as seen as acceptable in the local and
cultural context.
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Appendix A
First Author, Year Title Journal Region of
study
Type of data Method of col-
lection (rele-
vant)
Focus of
study (SF vs.
ICS)
Objective of paper Perceptions
of domestic
fuel users
main focus of
study?
Akintan et al., 20-
18
Culture, tradition and
taboo: Understanding the
social shaping of fuel
choices and cooking prac-
tices in Nigeria
Energy Research
and Social
Science
Ado Ekiti,
Nigeria
Qualitative Household sur-
veys, partici-
pant observa-
tions and semi-
structured in-
terviews
SF & ICS
(fuel wood
collection,
fuel choices
and cooking
practice).
Explore cultural perspec-
tives of fuel wood har-
vesting and HAP for do-
mestic activities.
Yes
Akolgo et al., 2018 The potential of dual pur-
pose improved cookstove
for low income earners in
Ghana- improved cooking
methods and biochar pro-
duction
Renewable and
Sustainable
Energy Reviews
Ghana Qualitative Survey (quali-
tative ques-
tions)
ICS Determine the features
cookstove users would like
to see incorporated into
cookstoves and biochar
programs.
Yes
Alam et al., 2006 Effect of improved earthen
stoves: improving health for
rural communities in
Bangladesh
Energy for
Sustainable
Development
Bangladesh Mixed-
methods
Questionnaire
(qualitative and
quantitative
questions), FGD
ICS Evaluate the health effects
of biomass combustion in
improved cookstoves with
consideration to socio-eco-
nomic factors.
Yes
Ali et al., 2011 LOCAL PERCEPTION OF
INDOOR AIR POLLUTION
WITH USE OF BIOFUEL IN
RURAL COMMUNITIES OF
UCHALLI WETLANDS
COMPLEX, SALT RANGE
PAKISTAN
Journal of
Animal and
Plant Sciences
Khushab dis-
trict, Pakistan
Qualitative Questionnaires SF Understand local percep-
tions on HAP generated
from biofuel use.
Yes
Asante et al., 2018 Ghana's rural liquefied pet-
roleum gas program scale
up“ A case study
Energy for
Sustainable
Development
Ghana Mixed-
methods
Review Rural LPG Document Ghana’s scale up
to LPG.
No
Baquié & Urpelai-
nen, 2017
Access to modern fuels and
satisfaction with cooking
arrangements: Survey evi-
dence from rural India
Energy for
Sustainable
Development
Rural India Mixed-
methods
Survey Various fuel
types
Determine predictors of sa-
tisfaction of fuel access and
cooking arrangements.
Yes
Benka-Coker et al.,
2018
A case study of the ethanol
CleanCook stove interven-
tion and potential scale-up
in Ethiopia
Energy for
Sustainable
Development
Addis Ababa,
Ethiopia
Mixed-
methods
Surveys ICS Explore the impact of clean
cookstove on urban and re-
fugees populations and ex-
amine the policy impact of
the refugee program and
the potential for commer-
cialization of ethanol in the
urban setting, while evalu-
ating the factors that could
impact the success of
ethanol as domestic fuel.
No
Bhogle, 2003 Rural women as agents of
improved woodstove disse-
mination: a case-study in
Huluvangala, Karnatake,
India
Energy for
Sustainable
Development
Huluvangala
village,
Karnataka,
India
Qualitative Case study ICS Describe the coming to-
gether of NGOs and a self-
help group to provide in-
come generating opportu-
nities for rural women as
stove entrepreneurs.
No (equal
focus on
NGOs)
Bielecki & Winge-
nbach, 2014
Rethinking improved cook-
stove diffusion programs: A
case study of social percep-
tions and cooking choices in
rural Guatemala.
Energy Policy Guatemala Qualitative Case-study; in-
terviews and
participant ob-
servations
ICS Describe how culture and
social perceptions affect the
adoption and use of ICSs.
Yes
Borah, 2015 Physiological workload of
hill farm women of
Meghalaya, India involved
in firewood collection.
Procedia
Manufacturing
Meghalaya,
India
Mixed-
methods
Question SF Determine the perceived
physiological exertion,
physiological responses and
musculoskeletal problem
while collecting firewood.
No
Burwen & Levine,
2012
A rapid assessment rando-
mized-controlled trial of
improved cookstoves in
rural Ghana
Energy for
Sustainable
Development
Sissala West
district, Upper
West Ghana
Mixed-
methods
Surveys and
usage observa-
tions
ICS Randomized-controlled
trial to quantify changes in
fuel use, exposure to smoke,
and self-reported health at-
tributable to deployment of
an improved wood cook-
stove.
No
Chandna & Honn-
ey, 2017
INSPiRE: an integrated ap-
proach to tackling house-
hold air pollution and im-
proving health in rural
Cambodia
Public Health Samlout dis-
trict in north-
west rural
Cambodia
Mixed-
methods
Household sur-
veys
Varied: ICS,
HAP, fuel-
wood…
Communicate key findings
and challenges faced by the
INSPiRE project.
No
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Chen et al., 2016 Household biomass energy
choice and its policy impli-
cations on improving rural
livelihoods in Sichuan,
China
Energy Policy Sichuan, China Quantitative Willingness to
pay methods
Various fuel
types
Examine rural household
energy choice behaviors
using revealed and stated
preference methods.
No (prefer-
ence more
than percep-
tion)
Cundale et al., 20-
17
A health intervention or a
kitchen appliance?
Household costs and bene-
fits of a cleaner burning
biomass-fuelled cookstove
in Malawi
Social Science
and Medicine
Chilumba,
Malawi
Qualitative Semi-structured
interviews
ICS Provide an insight into the
household costs and per-
ceived benefits from use of
biomass-fueled cookstove.
Yes
Devakumar et al.,
2018
Women’s Ideas about the
Health Effects of Household
Air Pollution, Developed
through Focus Group
Discussions and Artwork in
Southern Nepal
International
Journal of
Environmental
Research and
Public Health
Janakpur,
Dhanusha dis-
trict, Southern
Nepal
Qualitative FGDs and art-
work
HAP Explore the lived experi-
ences and perceptions of
women of the health effects
of household air pollution.
Yes
Diaz et al., 2008 Self-rated health among
Mayan women partici-
pating in a randomised in-
tervention trial reducing
indoor air pollution in
Guatemala
BMC
International
Health and
Human Rights
Rural highland
Guatemala
Mixed-
methods
Interview-led
questionnaire
(quantitative
questions)
ICS Compare self-rated health
and change in health
among women partici-
pating in a randomized
control trial comparing an
open-fire and chimney
stove, to describe impacts
on women's daily lives and
their perceptions of how
kitchen smoke affects their
and their children's health.
Yes
Firdaus & Ahmad,
2011
Indoor air pollution and
self-reported diseases – a
case study of NCT of Delhi
Indoor Air Delhi Qualitative Questionnaires HAP and SF Assess the indoor air quality
of households through an
integrated survey and in-
terview approach
Yes
Gebreegziabher et-
al., 2018
Fuel savings, cooking time
and user satisfaction with
improved biomass cook-
stoves: Evidence from con-
trolled cooking tests in
Ethiopia
Resource and
Energy
Economics
Ethiopia Mixed-
methods
Survey ICS Analyze evidence from
controlled cooking tests on
fuel savings and use surveys
to provide information on
what motivates users to
want to use an ICS
No
Gordon et al., 20-
07
Perceptions of the health
effects of stoves in
Mongolia
Journal of
Health
Organization
and
Management
Ulaanbaatar,
Mongolia
Qualitative FGDs and indi-
vidual inter-
views
ICS Evaluate the views of stove
users on how stoves affect
their health.
Yes
Gould and Urpela-
inen, 2018
LPG as a clean cooking fuel:
Adoption, use, and impact
in rural India
Energy Policy Rural India Qualitative Survey LPG Report results from a survey
of LPG use to understand
the integration of a clean
cooking fuel into rural
household's energy mixes.
Yes
Granderson et al.,
2009
Fuel use and design analysis
of improved woodburning
cookstoves in the
Guatemalan Highlands
Biomass and
Bioenergy
Guatemalan
Highlands
Mixed-
methods
Direct partici-
pant observa-
tion and in-
formal inter-
views
ICS Provide an in-depth ana-
lysis of the kitchen perfor-
mance test method.
No
Gupta & Köhlin,
2006
Preferences for domestic
fuel: Analysis with socio-
economic factors and rank-
ings in Kolkata, India
Ecological
Economics
Kolkata, India Mixed-
methods (?)
Survey Various fuel
types
Analyze demand between
multiple fuels, with a
ranking exercise that high-
lights how various factors
affect the preferences over
fuels.
No (prefer-
ence more
than percep-
tion)
Hessen et al., 2001 Motivational factors related
to improving indoor air
quality in rural Nepal
Mountain
Research and
Development
Jumla region,
Nepal
Qualitative Questionnaire ICS Evaluate motivational fac-
tors and kitchen character-
istics that may influence the
implementation of im-
proved cookstoves pro-
grams.
Yes
Hollada et al., 20-
17
Perceptions of Improved
Biomass and Liquefied
Petroleum Gas Stoves in
Puno, Peru: Implications for
Promoting Sustained and
Exclusive Adoption of Clean
Cooking Technologies
International
Journal of
Environmental
Research and
Public Health
Puno, Peru Qualitative Semi-structured
interviews and
participant ob-
servations
ICS Explore cooking norms and
preferences which influence
the adoption of ICSs, iden-
tify potential strategies to
overcome clean cooking
adoption barriers and en-
courage more widespread
exclusive use of clean
cooking technologies.
Yes
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Hooper et al., 2018 Traditional cooking prac-
tices and preferences for
stove features among
women in rural Senegal:
Informing improved cook-
stove design and interven-
tions
PLOS One Senegal Qualitative Survey ICS Describe stove and fuel use,
to identify preferences on
stove features and function,
and to elicit the community
perceptions of ICSs with a
focus on LPG.
Yes
Jeuland et al., 20-
15
Preferences for improved
cook stoves: Evidence from
rural villages in north India
Energy
Economics
North India Quantitative WTP surveys ICS Report on preferences for
biomass-burning ICS attri-
butes such as reductions in
emissions, inconvenience,
and fuel requirements.
No (prefer-
ence more
than percep-
tion)
Jin et al., 2006 Exposure to indoor air pol-
lution from household en-
ergy use in rural China: The
interactions of technology,
behavior, and knowledge in
health risk management
Social Science
and Medicine
China and
Mongolia
Mixed-
methods
Questionnaire SF Examine the linkages
among technology, knowl-
edge and behavior, and ac-
cess and infrastructure in
exposure to HAP from
household fuel use.
No
Jürisoo et al., 2018 Beyond buying: The appli-
cation of service design
methodology to understand
adoption of clean cook-
stoves in Kenya and Zambia
Energy Research
and Social
Science
Kenya and
Zambia
Qualitative Interviews ICS Generate recommendations
on specific approaches that
support the household
transition to cleaner cook-
stoves.
Yes
Khushk et al., 20-
05
Health and social impacts of
improved stoves on rural
women: a pilot intervention
in Sindh, Pakistan
Indoor Air Sindh,
Pakistan
Qualitative Questionnaire
and FGDs
ICS Assess the acceptability, so-
cial and health impacts of
improved stoves among
women.
Yes
Malakar et al., 20-
18
Resistance in rejecting solid
fuels: Beyond availability
and adoption in the struc-
tural dominations of
cooking practices in rural
India
Energy Research
and Social
Science
Rural India Qualitative Interviews and
FGDs
SF Explore the role that social
structure plays in the per-
petuation of the use of solid
fuels for cooking.
Yes
Malakar, 2018 Studying household deci-
sion-making context and
cooking fuel transition in
rural India
Energy for
Sustainable
Development
Rural India Mixed-
methods
Interview (qua-
litative and
quantitative
questions) and
participant ob-
servations
Various fuel
types
Investigate the context
within which a household
makes the decision not to
adopt LPG as quickly com-
parative to TV technology.
Yes
Miah et al., 2009 Wood fuel use in the tradi-
tional cooking stoves in the
rural floodplain areas of
Bangladesh: A socio-envir-
onmental perspective
Biomass and
Bioenergy
Bangladesh Mixed-
methods
Semi-structured
questionnaire
CS's and var-
ious types of
fuel
Determine the structural
characteristics of the tradi-
tional cooking stoves,
amount of wood fuel con-
sumed, and figure out the
socio- economic and envir-
onmental consequences of
wood fuel usage in the tra-
ditional cooking stove.
No
Muindi et al., 2014 “We are used to this”: a
qualitative assessment of
the perceptions of and atti-
tudes towards air pollution
amongst slum residents in
Nairobi
BMC Public
Health
Nairobi Qualitative FGDs Air pollution
general
Assess the perceptions and
attitudes of slum residents
about air pollution.
Yes
Pailman et al., 20-
18
Experiences with improved
cookstoves in Southern
Africa
Journal of
Energy in
Southern Africa
South Africa,
Mozambique,
Malawi and
Zambia
Qualitative Questionnaire ICS Explores user experiences
with improved cookstoves
drawing from findings from
household surveys.
Yes
Qian et al., 2016 Associations between
Parents' Perceived Air
Quality in Homes and
Health among Children in
Nanjing, China
PloS One Nanjing, China Qualitative Questionnaire Air pollution
general
Investigate associations be-
tween parents' perceived air
quality in domestic envir-
onments and children’s al-
lergic diseases using a
questionnaire.
Yes
Rehfuess et al., 2-
014
Enablers and Barriers to
Large-Scale Uptake of
Improved Solid Fuel Stoves:
A Systematic Review
Environmental
Health
Perspectives
Various Qualitative Systematic re-
view
ICS Review the factors that en-
able or limit large-scale up-
take of ICSs in low- and
middle-income countries.
No
Rhodes et al., 2014 Behavioral Attitudes and
Preferences in Cooking
Practices with Traditional
Open-Fire Stoves in Peru,
Nepal, and Kenya:
Implications for Improved
Cookstove Interventions
International
Journal of
Environmental
Research and
Public Health
Peru, Nepal
and Kenya
Qualitative Interviews and
direct observa-
tions
ICS Describe traditional
cooking practices and stove
use and outline the impli-
cations of these practices
for ICS adoption and stove
design.
Yes
Rouse, 2002 Community participation in
household energy pro-
grammes: a case-study from
India
Energy for
Sustainable
Development
India Qualitative Discussion and
observations
ICS Describe findings and les-
sons learned from an on-
going improved biomass
cook- stove program.
No
A. McCarron, et al. Environment International 143 (2020) 105991
11
Sesan, 2012 Navigating the limitations
of energy poverty: Lessons
from the promotion of im-
proved cooking technolo-
gies in Kenya
Energy Policy Kenya Qualitative Semi-structured
interviews and
observations
ICS Examine the outcomes of
Practical Action’s tech-
nology-led smoke allevia-
tion intervention in relation
to the wider socio-economic
context of the community.
Yes
Stanistreet et al.,
2014
Factors Influencing
Household Uptake of
Improved Solid Fuel Stoves
in Low- and Middle-Income
Countries: A Qualitative
Systematic Review
International
Journal of
Environmental
Research and
Public Health
LMIC Qualitative Systematic re-
view
ICS Identify factors that influ-
ence household uptake of
ICSs in LMIC.
Yes
Sunikka-Blank et a-
l., 2019
Gender domestic energy
and design of inclusive low-
income habitats: A case of
slum rehabilitation housing
in Mumbai, India
Energy Research
and Social
Science
Mumbai, India Qualitative Semi-structured
interviews and
FGD (with local
communities-
relevant)
Housing Understand elementary
slum rehabilitation housing
typologies in Mumbai, un-
derstand how female occu-
pants' cooking, thermal
comfort, entertainment,
childrearing and working
practices have changed
since the relocation and
how relocation affects do-
mestic energy use and the
factors that influence these
practices.
Yes
Takama et al., 20-
12
Evaluating the relative
strength of product-specific
factors in fuel switching
and stove choice decisions
in Ethiopia. A discrete
choice model of household
preferences for clean
cooking alternatives
Energy
Economics
Ethiopia Quantitative WTP surveys CS's and var-
ious types of
fuel
Improve the methodolo-
gical foundations in the
area of cook stove choice.
No (prefer-
ence more
than percep-
tion)
Tamire et al., 2018 Socio-Cultural Reasons and
Community Perceptions
Regarding Indoor Cooking
Using Biomass Fuel and
Traditional Stoves in Rural
Ethiopia: A Qualitative
Study
International
Journal of
Environmental
Research and
Public Health
Rural Ethiopia Qualitative FGDs CS's and var-
ious types of
fuel
Explore the perceptions of
the community towards in-
door cooking and the socio-
cultural barriers to change.
Yes
Taylor et al., 2011 Burning for Sustainability:
Biomass Energy,
International Migration,
and the Move to Cleaner
Fuels and Cookstoves in
Guatemala
Annals of the
Association of
American
Geographers
Guatemala Qualitative Observations
and interviews
CS's and var-
ious types of
fuel
Examine Guatemalan mi-
grant’s potential as agents
for change in the transition
to cleaner fuels or the more
efficient use of existing re-
newable energy sources.
No
Thompson et al.,
2007
Nxwisen, ntzarrin or
ntzo’lin? Mapping chil-
dren's respiratory symp-
toms among indigenous po-
pulations in Guatemala
Social Science
and Medicine
Guatemala Qualitative Individual in-
terviews, FGDs
Health ef-
fects of AP
Describe the process used to
investigate and validate re-
spiratory terminology re-
lating specifically to asthma
signs and symptoms, for
construction of a respira-
tory questionnaire.
No (descrip-
tion of symp-
toms)
Thompson et al.,
2018
Adoption of Liquefied
Petroleum Gas Stoves in
Guatemala: A Mixed-
Methods Study
Ecohealth Guatemala Mixed-
methods
Semi-structured
survey, in-
depth inter-
views and FGDs
ICS Evaluate the drivers and
determinants of LPG stove
use among households that
used both gas and wood-
stoves.
Yes
Thurber et al., 20-
13
To Promote Adoption of
Household Health
Technologies, Think
Beyond Health
American
Journal of
Public Health
Various Qualitative Review Health ef-
fects of AP
Assess the relative impor-
tance of different health
and non-health factors on
the uptake of household
health technologies.
Yes
Thurber et al., 20-
14
‘Oorja’ in India: Assessing a
large-scale commercial dis-
tribution of advanced bio-
mass stoves to households
Energy for
Sustainable
Development
Maharashtra
and Karnataka,
India
Mixed-
methods
Surveys and in-
terviews
ICS Assess the benefits and
challenges of a commercial
approach to distribution of
“Oorja” stove in India.
No
Tigabu, 2017 Factors associated with sus-
tained use of improved
solid fuel cookstoves: A case
study from Kenya
Energy for
Sustainable
Development
Kenya Qualitative Survey ICS Examine the factors that
influence the usage rate of
ICS, drawing on a survey of
cookstove users conducted
in Kenya.
No
Troncoso et al., 2-
007
Social perceptions about a
technological innovation
for fuelwood cooking: Case
study in rural Mexico
Energy Policy Rural Mexico Qualitative Participant ob-
servation and
semi-structured
interviews
ICS Understand perceptions
about a technological inno-
vation for fuelwood
cooking.
Yes
A. McCarron, et al. Environment International 143 (2020) 105991
12
Troncoso et al., 2-
011
Understanding an improved
cookstove program in rural
Mexico: An analysis from
the implementers' perspec-
tive
Energy Policy Rural Mexico Qualitative Interviews ICS Document and analyze the
views and opinions of dif-
ferent members of an ICS
implementation team,
namely the researchers, the
NGO’s team, the physician
and the consultants, as well
as users themselves.
No
van Gemert et al.,
2013
Impact of chronic respira-
tory symptoms in a rural
area of sub-Saharan Africa:
an in-depth qualitative
study in the Masindi district
of Uganda.
Primary Care
Respiratory
Journal
Masindi dis-
trict, Uganda
Qualitative FGDs Health and
SF
Explore beliefs and atti-
tudes concerning health
(particularly respiratory ill-
nesses), use of biomass
fuels, tobacco smoking, and
the use of health services.
Yes
Wang & Bailis, 20-
15
The revolution from the
kitchen: Social processes of
the removal of traditional
cookstoves in Himachal
Pradesh, India
Energy for
Sustainable
Development
Himachal
Pradesh, India
Qualitative Surveys, semi-
structured in-
terviews
ICS Highlight the socio-political
processes of the removal of
the traditional chulha
cookstove.
Yes
Weaver et al., 20-
17
Pilot intervention study of
household ventilation and
fine particulate matter con-
centrations in a low-income
urban area, Dhaka,
Bangladesh
American
Journal of
Tropical
Medicine and
Hygiene
Dhaka,
Bangladesh
Mixed-
methods
In-depth inter-
views
Household
intervention
Describe the relationships
between existing ventila-
tion structure and behaviors
and PM2.5 concentrations,
determine the effect of
household behavioral and
structural interventions to
increase ventilation on in-
door PM2.5 concentrations,
and describe the feasibility
and acceptability of beha-
vioral and structural venti-
lation interventions in a
low-income urban area.
No
Wijayatunga & At-
talage, 2003
Analysis of rural household
energy supplies in Sri
Lanka: energy efficiency,
fuel switching and barriers
to expansion
Energy
Conservation
and
Management
Sri Lanka Mixed-
methods
Questionnaire Energy sup-
plies
Highlight policy issues as-
sociated with rural energy
supplies and possible solu-
tions to them in the context
of Sri Lanka's overall pic-
ture of the energy sector.
No
Yonemitsu et al.,
2014
Household fuel consump-
tion based on multiple fuel
use strategies: A case study
in Kibera Slums
APCBEE
Procedia
Kibera, Kenya Qualitative Survey Various fuel
types
Understand the relative im-
portance of fuel substitution
and fuel complementation,
among charcoal, fuel bri-
quettes and kerosene, and
the factors associated with
these choices
No
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